Objective: To assess quality of life (QoL) measures in Chinese Leber hereditary optic neuropathy (LHON) patients with the G11778A mutation. Methods: Chinese LHON patients with the G11778A mutation were prospectively evaluated using the Visual Function Index (VF-14) at 6 months, 1 year, and 3 years after the involvement of the second eye. Patients who completed the VF-14 at all 3 follow-up time designations were included in the analysis. Results: Fifty-five patients met the inclusion criteria. The median age of patients when their vision was bilaterally affected was 16.3 years old (interquartile range: 13.9-18.3 years). In our patient cohort, 89.1% (n = 49) were male, and the ratio of males to females was 8.2:1. The median log-MAR visual acuity was 2.0 (interquartile range: 1.0-2.6). The mean VF-14 scores of patients with LHON at 6-month, 1-year, and 3-year follow-ups were 18.0 ± 19.2 (range 0-85.4), 19.9 ± 20.0 (range 0-85.4), and 20.7 ± 20.2 (range 0-85.4), and the differences were statistically significant (P , 0.001). VF-14 score at 6 months was significantly correlated with visual acuity of the better eye (P , 0.001) but not with age of onset (P = 0.43). Overall, the QoL improvement was significantly correlated with age of onset (P = 0.006) but not with visual acuity of the better eye (P = 0.134). Several abilities were significantly improved at the 1-year follow-up compared with the 6-month follow-up, including seeing steps, curbs, or stairs (P , 0.01), doing handiwork (P , 0.05), playing sports (P , 0.05), cooking (P , 0.01), and watching television (P , 0.05). When these scores were further compared between 1-and 3-year followups, only scores for cooking (P , 0.05) and watching television (P , 0.05) were higher at the 3-year follow-up than that at the 1-year follow-up. No changes were found during the follow-up for reading small print, reading a newspaper or book, or reading signs. Conclusions: Our results indicate that although most of our Chinese LHON patients with the G11778A mutation had permanent central visual loss, visual-related quality of life improved over time, especially in younger patients. ealth-related quality of life (HR-QoL) describes the social, emotional, and physical impact of illness from the patient's perspective, and it is increasingly used by health care professionals as a comprehensive assessment tool, especially in the setting of chronic diseases. The marked reduction in visual acuity in patients with LHON leads to a profound impact on quality of life (QoL) and independence. However, the data of quality of life in LHON are very limited. Kirkman et al (1) reported that LHON has a severe negative impact on HR-QoL, especially in activities involving reading small print. However, this was a multicenter, cross-sectional study and evaluated quality of life measures at a single point in time.
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ealth-related quality of life (HR-QoL) describes the social, emotional, and physical impact of illness from the patient's perspective, and it is increasingly used by health care professionals as a comprehensive assessment tool, especially in the setting of chronic diseases. The marked reduction in visual acuity in patients with LHON leads to a profound impact on quality of life (QoL) and independence. However, the data of quality of life in LHON are very limited. Kirkman et al (1) reported that LHON has a severe negative impact on HR-QoL, especially in activities involving reading small print. However, this was a multicenter, cross-sectional study and evaluated quality of life measures at a single point in time.
We present the results of a prospective, longitudinal study on HR-QoL in Chinese LHON patients with the G11778A mutation evaluated at one medical institution. Scores for each item of the VF-14 were compared over time to explore whether patients reported any changes in the quality measures.
METHODS

Patients
China. All LHON patients with the G11778A mutation were identified from the LHON clinical database. Patients were recruited from October 1, 2009, to December 31, 2013, and assessed by an experienced neuroophthalmologist. Clinical diagnoses were made based on sequentially bilateral painless visual loss, typical optic disc findings, and central visual field loss. Diagnosis of G11778A mtDNA mutation was established by polymerase chain reaction and direct sequencing. Patients were followed up every 6 months through telephone or at an outpatient clinic. Follow-up times range from 3 to 4 years. Verbal informed consent was obtained from each patient, and all procedures were in compliance with the tenets of the Declaration of Helsinki. The participants received no financial compensation.
LHON patients with the G11778A mutation who met the following criteria were included in this study: (A) Have completed the VF-14 index survey at 6 months, 1 year, and 3 years after involvement of the second eye. (B) No concomitant disease that could lead to disability.
VF-14 Index
An experienced investigator interviewed each patient and administered the VF-14 index questionnaire, which measures the ability of individuals to perform 12 visiondependent activities of daily living. These activities were rated according to difficulty, with 5 possible scores for each question: 0 (unable to do), 1 (great deal of difficulty), 2 (moderate difficulty), 3 (little difficulty), and 4 (no difficulty). The patients were asked to give answers that incorporated the use of reading glasses but not magnification aids. A question was not included whether an activity was not performed by an individual for reasons unrelated to disease status. An average score was then generated from all the answered questions and multiplied by 25 to yield an overall visual function score ranging from 0 (worst level) to 100 (best level). The VF-14 has been adapted and validated in China (2,3), and we used this version in our study.
Statistical Analysis
Statistical analyses were performed using Statistical Package for Social Sciences 18.0.0 (IBM Corporation, Armonk, NY). P values of ,0.05 were taken to indicate statistical significance.
Descriptive Analysis and Item Analysis
The normality of each variable was checked using the One-sample Kolmogorov-Smirnov test. Snellen visual acuity was converted to logMAR for statistical analysis. All VF-14 scores at each follow-up time point were normal distribution, whereas age, visual acuity, and change of VF-14 score between 6-month and 3-year follow-ups were non-normal distribution. All continuous variables with normal distribution were expressed as the mean ± SDs except age and best-corrected visual acuity. For the latter, we used median and interquartile range. Paired sample t test was used to compare VF-14 scores between different followup time points if data had a normal distribution. Item analysis was performed using data from our study and that of Kirkman et al (1) . Comparisons were made using Pearson chi-square test or Wilcoxon rank sum test when chi-square test was not appropriate.
Logistic Regression Test
We defined the onset age of the second eye (categorized as ,14 years or $14 years) and Snellen visual acuity (categorized as ,0.1 or $0.1) of the better eye as dependent variables. A VF-14 score of ,20 at the 6-month followup was defined as seriously impaired visual-related quality of life, and $20 was defined as relatively better. An increase of $4 of the VF-14 score from the 6-month to 3-year followup was defined as improvement of QoL. Logistic regression test was used to investigate whether these variables were correlated with VF-14 scores at the early stage and the improvement of QoL.
RESULTS
Seventy-three Chinese LHON patients with the G11778A mutation were identified from our database. Fifty-five patients met our inclusion criteria and were followed for at least 3 years. This cohort had a median age of onset of bilateral visual loss of 16.3 years (interquartile range: 13.9-18.3 years), 89.1% (n = 49) were male, and the ratio of males to females was 8.2:1. The median logMAR visual acuity was 2.0 (interquartile range: 1.0-2.6). Further patient characteristics are shown in Table 1 .
VF-14 scores at 6-month, 1-year, and 3-year follow-ups are also shown in Table 1 . The mean VF-14 score of LHON patients with the G11778A mutation at 1-year follow-up (mean 19.9, SD: 20.0) was significantly higher than that at the 6-month follow-up (mean 18.0, SD: 19.2, P , 0.001). The mean VF-14 score at 3-year follow-up (mean 20.7, SD: 20.2) also was significantly higher than that at 1-year follow-up (P , 0.001). The median increase of VF-14 from 6-month to 3-year follow-up was 2.1 (interquartile range: 0-2.5).
Logistic regression analysis test showed that the VF-14 score at 6 months was significantly correlated with visual acuity (P , 0.001), but not correlated with age of onset (P = 0.43). There was no significant correlation between the visual acuity of the better eye and the age of onset (P = 0.268). The QoL improvement was significantly correlated with age of onset (P = 0.006), but not correlated with visual acuity of the better eye (P = 0.134) (See Supplement Digital Content, Table E1 , http://links.lww.com/WNO/A304).
Several measures of QoL were significantly improved at the 1-year follow-up compared with the 6-month follow-up, including seeing steps, curbs, or stairs (P , 0.01), doing handiwork (P , 0.05), playing sports (P , 0.05), cooking (P , 0.01), and watching television (P , 0.05) (See Supplement Digital Content, Table E2 , http://links.lww.com/WNO/A305). Only scores for cooking (P , 0.05) and watching television (P , 0.05) were significantly higher at the 3-year follow-up than at the 1-year follow-up. No changes in reading small print, reading a newspaper or a book, or reading signs were found during the follow-up.
We compared our findings to these reported by Kirkman et al (1) (See Supplement Digital Content, Table E2 , http://links.lww.com/WNO/A305). No statistically significant differences were found between the 2 groups for any of the other items.
DISCUSSION
Most patients in our LHON cohort experienced vision loss in their teens, and the male-to-female ratio in our group was slightly higher than that reported in previous case series (4) (5) (6) . Although male carriers are more likely to be affected than female carriers, this higher male-to-female ratio discrepancy might reflect some selection bias in our study, which is hospital based rather than population based. Although LHON has been reported to have a strong negative impact on quality of life, as indicated by the VF-14 index, our longitudinal study showed improvement in QoL in patients with LHON over time.
We showed that the VF-14 score at 6 months was significantly correlated with visual acuity at baseline. This is inconsistent with the study of Kirkman et al (1) that found LHON patients with G11778A or G3460A mutation had a significantly lower mean VF-14 score (21.8 ± 17.9) than patients with the T14484C mutation (44.2 ± 25.7) who often experience spontaneous vision improvement. The VF-14 scores of our patients at all 3 follow-up time points (18.0 ± 19.2, 19.9 ± 20.0, and 20.7 ± 20.2, respectively) were all lower than the patients with T14484C mutation. This further supports the observation that poor visual acuity is related to poor visual-related daily function.
The overall VF-14 scores in our patients were significantly increased at 1-year and 3-year follow-ups compared with the 6-month result. Although the median increase of VF-14 scores from the 6-month to 3-year follow-up was small (2.1), we found that QoL improvements (an increase of $4 points of VF-14) were related to early onset of the disease (,14 years old). It has been reported that younger patients with LHON (especially those younger than 10 years) have a higher chance of vision recovery (7) (8) (9) . However, Lam et al (10) conducted a prospective observational study in patients with LHON with the G11778A mutation and reported that spontaneous improvement of visual acuity is not common in individuals with this genetic mutation. Although Garcia et al (11) found that profound vision loss in patients with LHON is associated with significant negative psychological and psychosocial effects, younger age may be associated with a higher potential for psychological adaption and coping. Putting these results and our findings together, the improvement of QoL may be due to a greater ability of adaptation in younger patients than vision acuity improvement. More follow-up data are needed to further clarify this possibility.
Results of subitem analysis of our patient cohort showed some similarities with those of Kirkman et al (1) , specifically that reading small print and newspapers or books were activities of daily living that caused the greatest subjective difficulty and did not show any improvement. Significant differences between the 2 studies were playing board games, playing sports, and cooking, with our patients having lower scores. These differences may be due to the fact that all our patients had G11778A mutation that caused worse visual function while those of Kirkman et al included a patient with T14484C mutation who achieved better vision recovery. In addition, none of our patients received visual rehabilitation, but this was available in the study by Kirkman et al. There are limitations to our study. First, we only collected and analyzed the correlation of patients' visual acuity at baseline with the improvement of QoL. Because the medical system in China is not well established, we were unable to remeasure visual function at follow-up visits. Second, we did not assess other factors that affect QoL including social and economic status, educational level, family involvement, and psychological status (11, 12) . Third, visual fields may change over time, especially when measured with microperimetry (13, 14) . These data were not obtained in our study.
Nevertheless, we conducted the first prospective longitudinal study of vision-related quality of life in LHON patients with the G11778A mutation in China and showed that patients, particularly young patients, can have spontaneous improvement in vision-related QoL. Hopefully, this improvement could be augmented with visual and occupational rehabilitation and psychological counseling. 
